
ABSTRACT
Background: Participation in high school cross-country continues to increase with over 492,000 participants during 
the 2016-17 cross-country season. Several studies have indicated a high incidence of running-related injuries (RRI) in 
high school cross-country runners. Risk factors for RRI can be divided between intrinsic and extrinsic risk factors. 
Intrinsic risk factors such as structural asymmetries have received less attention in recent years.

Purpose: The primary purposes of the current study were to (1) describe the prevalence of leg-length inequality 
among female and male high school cross-country runners, and (2) to determine whether leg-length inequality was 
associated with increased RRI in female and male high school cross-country runners.

Study Design: Prospective observational cohort study.

Methods: Three hundred ninety-three (222 males, 171 females) athletes competing in high school cross-country run-
ning were followed, prospectively. The runners’ right and left leg-lengths were measured with a standard cloth tape 
measure in a supine position. Incidence of low back/lower extremity RRI during practices or competitive events was 
monitored using the Daily Injury Report.

Results: A similar percentage of leg-length inequality greater than 0.5 cm was found among female (19.3%) and male 
(22.1%) runners. No statistically significant associations were found between leg-length inequality and (RRI) for 
female or male runners, with the exception that after adjusting for BMI, males with a leg-length inequality >1.5 cm 
were over seven times more likely to incur a lower leg RRI (Adjusted Odds Ratio=7.47; 95%CI: 1.5, 36.9; p=0.01) than 
males with a leg-length inequality <0.5 cm. Side of RRI was not associated with side of longer limb length.

Conclusions: While leg-length inequality was not associated with RRI, in general, males with a leg-length inequality 
>1.5 cm were at greater likelihood of sustaining a lower leg RRI.

Level of Evidence: 2b
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INTRODUCTION
Running continues to be a popular sport. According 
to RunningUSA, the number of running event finish-
ers in the U.S. increased from an estimated 4,797,000 
in 1990 to 17,114,800 in 2015.1 However, running 
has a relatively high incidence of lower extremity 
injury, with the incidence ranging from 17.9-79.3% 
based on the study design.2 Thus, understanding 
the relationship of factors related to the etiology of 
running-related injury (RRI) is an important focus of 
running research.

There is running-related literature that suggest that 
extremes of anatomic variation and malalignment 
may predispose runners and military populations 
engaged in running-related activities to musculo-
skeletal overuse injury.3-10 Of these, increased navic-
ular drop5-7 and large quadriceps angle ([Q-angle] 
the angle formed between lines from the anterior 
superior iliac spine to the center of the patella, 
and from the center of the patella to the center of 
the tibial tubercle) or greater right-left Q-angle dif-
ference8-10 have gained support as risk factors. The 
literature regarding leg-length inequality as a risk 
factor for RRI is equivocal in adult competitive and 
recreational runners11-21 and military training popu-
lations.8,10,22 Several factors may contribute to the 
mixed results including differing study designs and 
measurement techniques, which do not allow direct 
comparisons among studies.8,10-22 Further, there is no 
consensus on a criterion that distinguishes a normal 
from an abnormal leg-length inequality.23 

Over 492,000 female and male athletes participated 
in cross-country running in the United States during 
the 2016-2017 high school season.24 Recent studies 
of high school runners have indicated that the inci-
dence of RRI ranges from 33% to 47% per season.25-28 
Presently, there are no published prospective cohort 
reports that have provided an in-depth analysis on 
the relationship between leg-length inequality and 
RRI among high school runners. The author has 
previously reported on several risk factors in a large 
prospective observational cohort study.27 In this pre-
vious study, data was collected on leg-length but was 
not reported in-depth. Thus, the primary purposes 
of the current study were to (1) describe the preva-
lence of leg-length inequality among female and 
male high school cross-country runners, and (2) to 

determine whether leg-length inequality was asso-
ciated with increased RRI in female and male high 
school cross-country runners. Additionally, as the 
evidence for whether side of inequality is related to 
injury is mixed in adult running or military popu-
lations,17,18,29-35 side of inequality was examined to 
determine if the shorter or longer leg limb was asso-
ciated with side of running-related injury in female 
and male high school cross-country. Further, as 
body mass index has been associated with RRI,36,37 
particularly lower leg RRI,38-40 its influence on the 
relationship between leg-length inequality and RRI 
was assessed.

METHODS
Setting & Sample
The study prospectively followed 12 Washington 
State high school cross-country teams during a high 
school cross-country season. Four hundred twenty-
one runners (186 females, 235 males), who competed 
on their teams during the high school cross-country 
season and were free of symptoms from any RRI at 
the time of the measurements, participated in the 
study. The study was approved by The University 
of Washington Human Subjects Division and the 
Seattle High School District. Parental consent and 
athlete assent was obtained for each subject prior 
to the baseline measurements. During the course of 
the season, 28 runners (15 females, 13 males) did 
not finish the season due to noninjury (i.e., stopped 
competing, dismissed from team). Thus, complete 
data for 393 runners (171 females, 222 males) were 
used in the final study analysis.

Data Collection
Leg-Length. Just prior to the season, the main 
investigator went to each high school at a scheduled 
meeting time and place to measure their school’s 
runners’ leg-lengths. The leg-length of both lower 
extremities for all runners were assessed with the 
subject in the supine position where each runner’s 
absolute leg-length was measured with a cloth tape 
measure from the anterior superior iliac spine to the 
medial malleolus and recorded in centimeters.41

Pilot Reliability Study. At a summer running camp 
prior to the season, the intrarater reliability for the 
leg-length measurements was established using a 
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convenience sample of 20 high school runners (10 
females, 10 males; n = 40 limbs). The intrarater 
intraclass correlation coefficient (ICC 3,1) and stan-
dard error of measurement (SEM) value for the 
main investigator was 0.99 (1.05), and was similar 
for right and left limb lengths, indicating strong reli-
ability and limited measurement error.

Questionnaire. At the time of the leg-length mea-
surements, all subjects completed a questionnaire 
on baseline characteristics, which asked them to 
report their sex, age, height and weight.

Running-Related Injury (RRI). Prior to the season, 
the research team educated the runners to report 
any RRI symptoms to their coach. Additionally, 
each coach was trained in how to recognize com-
mon RRI symptoms among their runners and how 
to properly record them in the daily injury report 
(DIR) form.26,27 A RRI was defined as any reported 
muscle, joint, or bone problem/RRI of the low back 
or lower extremity (i.e., hip, thigh, knee, shin, calf, 
ankle, foot) resulting from running in a practice or 
meet that required the runner to be removed from 
a practice or competitive event or to miss a subse-
quent practice or competitive event.26,27 A day lost to 
RRI was any day in which the runner was not able 
or permitted to participate in an unrestricted man-
ner.26,27 For each RRI, the coaches recorded the body 
location and side injured.

DATA ANALYSIS
Mean and standard deviations for age, height, 
weight, body mass index (BMI), and leg-length were 
calculated by gender to document the runner’s 
personal characteristics. Statistical comparisons of 
baseline characteristics by gender were performed 
with the Student t test.42 The likelihood of a RRI by 
leg-length inequality was analyzed in four ordered 
categories (<0.5cm, >0.5 cm to <1.0 cm, >1.0 cm 
to <1.5 cm, >1.5 cm) to evaluate a possible graded 
dose-response effect, using the leg-length <0.5cm as 
the reference group. This latter group was chosen 
as the referent category because leg-length inequal-
ity in this range have been suggested as normal.8,10,18 
Only the runner’s initial RRI was used in all data 
analyses. Univariate odds ratios (ORs) with 95% con-
fidence intervals (CIs) were used to compare initial 
RRI risks at different levels of leg-length inequality, 

comparing the cumulative incidence in an exposed 
group (>0.5 cm to <1.0 cm, >1.0 cm to <1.5 cm, or 
>1.5 cm), divided by the cumulative incidence in 
the baseline or referent group (<0.5cm). ORs and 
95% CIs were also computed to assess whether side 
of RRI was associated with the side of longer leg-
length. Univariate ORs and 95% CIs were then calcu-
lated to determine if RRI to specific lower extremity 
body parts were associated with leg-length inequal-
ity.42,43 Finally, multivariable logistic regression was 
used to calculate the adjusted ORs (AORs) and 95% 
CIs to assess the effect of body mass index (BMI) 
a potential confounding factor on the association 
between leg-length inequality and increased likeli-
hood of RRI.7,36-40 An alpha level of 0.05 was used for 
all statistical analyses. All data were analyzed with 
SPSS (IBM Statistics SPSS 22.0, Armonk, NY). 

RESULTS
Participants
Selected baseline characteristics of the 393 runners 
are presented in Table 1. Females and males were 
similar in age (p=0.82) (Table 1). While females 
were lighter and shorter than males, no significant 
differences were found in regards to BMI (p=0.34).

On average, females had significantly shorter 
(mean±SD) right (87.38 cm ± 4.34) and left (87.39 
cm ± 4.31) leg-lengths than males (92.98 cm ± 4.39 
and 93.10 cm ± 4.42, respectively) (p<0.0001). The 
mean difference between right and left leg-lengths 
for females (0.34 cm ± 0.51) was not significantly dif-
ferent from the right and left leg-length mean differ-
ence for males (0.37 cm ± 0.57) (p=0.66). Females 

Table 1. Baseline characteristics of high school cross-
country runners (N=393).



The International Journal of Sports Physical Therapy | Volume 13, Number 4 | August 2018 | Page 646

(19.3%) and males (22.1%) had a similar percentage 
of leg-length inequality greater than 0.5 cm (Fig-
ure 1). Only one runner, a female, had a leg-length 
inequality value (2.5 cm) that exceeded 2.0 cm.

RRI Incidence
While 69 (40.4%) of the 171 female runners sustained 
at least one RRI, 79 (35.6%) of the 222 male runners 
experienced at least one RRI during the high school 
season. For females, the shin (42%) was the most 
common RRI site, followed by the knee (23%), hip 
(12%), and ankle (10%). For males, the knee (30%) 

was the body location most commonly injured, fol-
lowed by the shin (22%) and ankle (13%).

Likelihood of RRI by Leg-length Inequality
Unadjusted and adjusted likelihood estimates of 
RRI in relation to leg-length inequality for females 
and males are presented in Table 2. For females and 
males, no statistically significant association was 
found between leg-length inequality and RRI. Simi-
larly, when adjusted for BMI, no statistically signifi-
cant relationships between leg-length inequality and 
RRI were found.

Side of RRI by Limb Side
While a slightly higher percentage of RRI occurred 
on the side of RRI on the limb with the greater leg-
length (>0.5 cm) for males, the association was not 
statistically significant (p=0.68) (Table 3). Similarly, 
no association was found between side of RRI and 
longer limb side (>0.5 cm) for females (p=0.57). 
The relationship between leg-length inequality and 
body location injured is presented in Table 4. 

Likelihood of Injured Body Location by 
Leg-length Inequality
After adjusting for BMI, males with a leg-length 
inequality >1.5 cm were over seven times more 
likely to incur a lower leg (shin/calf) RRI (AOR 

Figure 1. Distribution of leg-length asymmetry among high 
school cross-country runners (N=393).

Table 2. Unadjusted and adjusted relationships between all RRIs and leg-length inequality 
among high school cross-country runners (N=393).
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=7.47, 95% CI: 1.5, 36.9; p=0.01) than males with 
a leg-length inequality <0.5 cm. No statistically sig-
nificant associations were found between leg-length 
inequality at other body locations for males or for 
females at any body location. 

DISCUSSION
The findings of this study suggest that most female 
and male cross-country runners had symmetric 
right and left leg-lengths. While leg-length inequal-
ity was not associated with RRI, in general, males 
with a leg-length inequality >1.5 cm were at greater 
likelihood of sustaining a lower leg RRI. Finally, a 
larger leg-length inequality was not related to side of 
injured limb for female or male runners.

Despite the use of leg-length inequality as a measure 
of structural abnormality to predict injuries in run-
ning and military populations, few studies have pro-
vided the prevalence of clinically-measured leg-length 
inequality data.8,10,12,18 Furthermore, the difficulty in 
comparing the prevalence of leg-length inequality 
is that there is no widely accepted criterion value 
for what constitutes a large or excessive leg-length 
inequality for males or females, especially for adoles-
cent runners. The criterion values reported in prior 
running and other athletic and military studies has 
varied from leg-length inequality of 0.5 cm to >2.54 
cm (>1.0 inch).8,10,12,18 Consistent with prior reports, 
few runners in this study had a leg-length inequality 
that would be considered excessive. Approximately 
80% of the runners had a leg-length inequality less 
than 0.5 cm with a slightly higher prevalence of 
leg-length inequality i.e., >0.5 cm, among the boy 

runners. Overall, using Reid and Smith’s classification 
of bilateral discrepancy,44 all the runners’ leg-length 
discrepancies would have been considered mild (i.e., 
inequalities less than 3 cm).

Consistent with prior studies,8,12,21 this study did not 
find a statistically significant relationship between 
leg-length inequality and overall RRI for high school 
cross-country runners. Noteworthy though was that 
for female and male runners, the findings suggested 
a pattern toward greater risk of RRI as the leg-length 
inequality increased. The non-statistically sig-
nificant risk estimates may be partially due to the 
smaller number of runners with greater leg-length 
inequalities >1.0 cm. Different measurement tech-
niques have been used to examine the relationship 
between leg-length inequality and RRI. Only two 
studies were appropriate for direct comparison using 
the same measurement technique and criterions in 
this study,10,18 with the findings in this study consis-
tent with those reported by Rauh et al10 but differing 
from those observed by Bennell et al.18 Comparisons 
with other studies that used the same measurement 
technique but did not specify a criterion were also 
equivocal.11,14,15,17,19,20 The mixed findings indicate 
that further study is needed to determine if there is 
a more sensitive measurement technique or crite-
rion, or both, that might be more valid to evaluate 
the risk relationship between leg-length inequality 
and RRI.

Several authors have reported associations between 
leg-length inequality and specific body locations 
(i.e., low back injury,19 ankle injury19) or injury type 

Table 3. Cumulative incidence of RRI by side of RRI and side of greater-length inequality among high school 
cross-country runners.
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(stress fracture,18 plantar fasciitis14,15). In the current 
study, of the five body locations examined, only the 
lower leg, (shin/calf) was found to be associated with 
RRI among male runners with a leg-length inequality 
>1.5 cm. This finding differentiates from other stud-
ies that examined leg-length inequality and lower leg 
pain and found no significant relationship.10,12,17 It is 
possible that these previously cited reports did not 
find a relationship due to cross-sectional design,12,17 
smaller samples,12,17 and populations studied (adult 
runners12,17, female recruits10). Even though the rela-
tionship between leg-length inequality and lower leg 
RRI was strengthened as the association remained 
significant after adjusting for body mass index, some 
caution is advised when interpreting the statistical 
(95% confidence interval was fairly wide indicating 
limited precision of the association) and clinical sig-
nificance of this finding as they are based on only 
seven male runners who had a leg-length inequal-
ity of >1.5 cm, of which three had a lower leg RRI. 
Still, the finding provides some support that greater 
malalignment of the lower extremities may increase 
the odds of a male high school runner incurring a 
RRI.

The evidence regarding whether the longer limb or 
shorter limb is at greater risk of RRI appears equivo-
cal and has been primarily examined in adult run-
ning or military populations. While several authors 
have reported the longer limb had a higher occur-
rence of RRI,29-33 others have indicated that the 
shorter limb was at more risk,33,34 and others no asso-
ciation.18,35 The results of the current study indicate 
that the RRI did not always occur on the limb with 
the larger limb length. A possible reason why a side 
difference may not have been observed is that the 
cutpoint used may have been more conservative 
than prior studies. Additionally, including a bilateral 
limb injured group may have affected the ability to 
observe a right or left side greater side difference as 
over one-third (n=54) of the RRI were considered 
bilateral. 

Several limitations of this study are noteworthy. 
The RRI collected in this study was based on a) self-
reported RRI symptoms from the runners to the 
coaches or b) direct observation by the coaches if 
they suspected that a runner was experiencing a 
RRI symptom. The use of self-reported RRI data is Ta

b
le

 4
. 

R
el

at
io

ns
hi

p 
be

tw
ee

n 
bo

dy
 lo

ca
tio

n 
in

ju
re

d 
by

 le
g-

le
ng

th
 d

iff
er

en
ce

 a
m

on
g 

hi
gh

 s
ch

oo
l c

ro
ss

-c
ou

nt
ry

 r
un

ne
rs

 (N
=

39
3)

.



The International Journal of Sports Physical Therapy | Volume 13, Number 4 | August 2018 | Page 649

a potential limitation as it may have resulted in an 
underreporting of RRI, possibly due to some runners 
feeling that their pain symptoms were not severe 
enough to report and continued running through 
the RRI and/or feared that they would be restricted 
from a practice or competitive event. Second, 
some coaches may not have reported all RRI into 
the DIR. However, coaches were trained in how to 
complete the DIRs and were contacted on a weekly 
basis to minimize underreporting. Thus, there was 
increased confidence that the coaches’ reporting of 
RRI events were reasonably reliable and accurate 
due to the training they received to recognize and 
report RRI.26,27,45

Several strengths of this study are also of note. This 
study found that leg-length measures for both limbs 
could be measured quickly and reliably on ado-
lescent runners of both genders. The prospective 
design allowed the leg-length status of each runner 
to be established before RRI occurred, decreasing 
the likelihood of recall or measurement bias.42,46

Recommendations for Future Research
Further investigation into the relationship between 
running-related RRI and leg-length inequality is rec-
ommended, particularly prospective studies with 
larger male and female adolescent cohort sizes. This 
will increase the ability to better examine the effects 
on leg-length inequality and specific body locations 
by gender. It is also recommended that leg-length 
inequality data be grouped according to measured 
values so that the findings are more transferable for 
clinical interpretation.9,47 Finally, although preven-
tive interventions using heel pad/lift or orthotics to 
correct leg-length inequality are commonly used, 
recent evidence examining their protective effective-
ness in minimizing injury in running and other sport 
populations appears equivocal.48-53 While this partic-
ular study did not address whether heel pad/lift or 
orthotic use played a protective effect in RRI among 
high school runners with leg-length inequality, it still 
behooves future prospective studies to determine 
their role as an injury prevention measure.

CONCLUSION
 The results of this prospective study of high school 
female and male cross-country runners indicate 

that leg-length inequality was not associated with 
RRI, with the exception that males with a leg-length 
inequality >1.5 cm were at greater likelihood of 
incurring a lower leg (shin/calf) RRI. Further, the 
shorter or longer limb was not associated with side 
of RRI. Given the lack of association between the 
injured side and the side of the leg-length inequality 
in this study, clinicians should give equal consider-
ation to the long or short limb when evaluating the 
injuries of high school runners.

REFERENCES
1. RunningUSA. Statistics. Downloaded from http://

www.runningusa.org/statistics, downloaded March 
30, 2017.

2. van Gent RN, Siem D, van Middelkoop M, et al. 
Incidence and determinants of lower extremity 
running injuries in long distance runners: a 
systematic review. Br J Sports Med. 2007;41(8):469-480.

3. James SL, Bates BT, Osternig LR. Injuries to runners. 
Am J Sports Med. 1978;6:40-50.

4. Renstrom AF. Mechanism, diagnosis, and treatment of 
running injuries. Instr Course Lect. 1993;42:225-234.

5. Bennett JE, Reinking MF, Pluemer B, et al. Factors 
contributing to the development of medial tibial 
stress syndrome in high school runners. J Orthop 
Sports Phys Ther. 2001;31:504-510.

6. Bennett JE, Reinking MF, Rauh MJ. The relationship 
between isotonic plantar fl exor endurance, navicular 
drop, and exercise-related pain in a cohort of 
collegiate cross-country runners. Int J Sport Phys 
Ther. 2012;7(3):267-278.

7. Moen MH, Bongers T, Bakker EW, et al. Risk factors 
and prognostic factors for medial tibial stress 
syndrome. Scand J Med Sci Sports. 2012;22(1):34-39.

8. Cowan DN, Jones BH, Frykman PN, et al. Lower 
limb morphology and risk of overuse injury among 
male infantry trainees. Med Sci Sports Exerc. 
1996;28(8):945-952.

9. Rauh MJ, Koepsell TD, Rivara FP, et al. Quadriceps 
angle and risk of injury among high school cross-
country runners. J Orthop Sports Phys Ther. 
2007;37(12):725-733.

10. Rauh MJ, Macera CA, Trone DW, et al. Static 
anatomic measures predict selected lower extremity 
overuse injuries in female military recruits. Mil Med. 
2010;175(5):329-335.

11. Clement DB, Taunton JE, Smart GW, et al. A survey 
of overuse running injuries. Phys Sportsmed. 
1981;9(5):47-58.



The International Journal of Sports Physical Therapy | Volume 13, Number 4 | August 2018 | Page 650

12. Gross RH. Leg length discrepancy in marathon 
runners. Am J Sports Med. 1983;11(3):121-124.

13. Pinshaw R, Atlas V, Noakes TD. The nature and 
response to therapy of 196 consecutive injuries seen 
at a runners’ clinic. S Afr Med J. 1984;65(8):291-298.

14. Warren BL. Anatomical factors associated with 
predicting plantar fasciitis in long-distance runners. 
Med Sci Sports Exerc. 1984;16(1):60-63.

15. Warren BL Jones CJ. Predicting plantar fasciitis in 
runners. Med Sci Sports Exerc. 1987;19(1):71-73.

16. Brunet ME, Cook SD, Brinker MR, et al. A survey of 
running injuries in 1505 competitive and 
recreational runners. J Sports Med Phys Fitness. 
1990;30(3):307-315.

17. Messier SP, Davis SE, Curl WW, et al. Etiologic factors 
associated with patellofemoral pain in runners. Med 
Sci Sports Exerc. 1991;23(9):1008-1115.

18. Bennell KL, Malcolm SA, Thomas SA, et al. Risk 
factors for stress fractures in track and fi eld athletes: 
a 12 month prospective study. Am J Sports Med. 
1996;24:810-818.

19. Wen DY, Puffer JC, Schmalzried TP. Lower extremity 
alignment and risk of overuse injuries in runners. 
Med Sci Sports Exerc. 1997;29(10):1291-1298.

20. Wen DY, Puffer JC, Schmalzried TP. Injuries in 
runners: a prospective study of alignment. Clin J 
Sport Med. 1998;8(3):187-194.

21. Hespanhol Junior LC, de Carvalho AC, Costa LO, et 
al. Lower limb alignment characteristics are not 
associated with running injuries in runners: 
Prospective cohort study. Eur J Sport Sci. 
2016;16(8):1137-1144.

22. Friberg O. Leg length asymmetry in stress fractures: 
a clinical and radiological study. J Sports Med. 
1982;22:485-488.

23. Brady RJ, Dean JB, Skinner TM, et al. Limb length 
inequality: clinical implications for assessment and 
intervention. J Orthop Sports Phys Ther. 
2003;33(5):221-234.

24. National Federation of State High School 
Associations. High school sports athletics 
participation survey, http://www.nfhs.org/
ParticipationStatistics/PDF/2016-17_Sports_
Participation_Survey_Results.pdf, downloaded on 
04/07/18.

25. Beachy G, Akau CK, Martinson M, et al. High school 
sports injuries. A longitudinal study at Punahou 
School: 1988 to 1996. Am J Sports Med. 1997;25:675-
681.

26. Rauh MJ, Margherita AJ, Rice SG, et al. High school 
cross country running injuries: a longitudinal study. 
Clin J Sport Med. 2000;10:110-116.

27. Rauh MJ, Koepsell TD, Rivara FP, et al. 
Epidemiology of musculoskeletal injuries among 
high school cross-country runners. Am J Epidemiol. 
2006;163:151-159.

28. Rauh MJ, Barrack MT, Nichols JF. Associations 
between the female athlete triad and injury among 
high school runners. Int J Sports Phys Ther. 
2014;9(6):948-958.

29. Gofton JP, Trueman GE. Studies in osteoarthritis of 
the hip II. Osteoarthritis of the hip and leg-length 
disparity. Can Med Assoc J. 1971;104(9):791-799.

30. Fisk JW, Baigent ML. Clinical and radiological 
assessment of leg length. N Z Med J. 
1975;81(540):477-480.

31. Friberg O. Leg length discrepancy in stress fractures. 
A clinical and radiological study. J Sports Med Phys 
Fitness. 1982;22(4):485-488.

32. Friberg O. Clinical symptoms and biomechanics of 
lumbar spine and hip joint in leg length inequality. 
Spine. 1983;8(6):643-651.

33. Rothenberg RJ. Rheumatic disease aspects of leg 
length inequality. Sem Arthritis Rheum. 
1988;17(3):196-205.

34. Subtonick S. Limb length discrepancies of the lower 
extremity (the short leg syndrome) J Orthop Sports 
Phys Ther. 1981;3:11-16.

35. Leppiahti J, Korpelainen R, Karpakka J, et al. 
Ruptures of the Achilles tendon: relationship to 
patterns in the foot and ankle. Foot Ankle Int. 
1998;19(10):683-687.

36. Buist I, Bredeweg SW, Lemmink KA, et al. Predictors 
of running-related injuries in a systematic training 
program: a prospective cohort study. Am J Sports 
Med. 2010;38(2):273-280.

37. Grier TL, Canham-Chervak M, Anderson MK, et al. 
Effects of physical training and fi tness on running 
injuries in physically active young men. J Strength 
Cond Res. 2017;31(1):207-216.

38. Plisky MS, Rauh MJ, Heiderscheit B, et al. Medial 
tibial stress syndrome in high school cross-country 
runners: incidence and risk factors. J Orthop Sports 
Phys Ther. 2007;37(2):40-47.

39. Yagi S, Muneta T, Sekiya I. Incidence and risk factors 
for medial tibial stress syndrome and tibial stress 
fracture in high school runners. Knee Surg Sports 
Traumatol Arthrosc. 2013;21(3):556-563.

40. Nunns M, House C, Rice H, et al. Four biomechanical 
and anthropometric measures predict tibial stress 
fracture: a prospective study of 1065 Royal Marines. 
Br J Sports Med. 2016;50(19):1206-1210.

41. Hoppenfi eld S. Physical examination of the spine & 
extremities. Norwalk, CT: Appleton & Lange, 1976.



The International Journal of Sports Physical Therapy | Volume 13, Number 4 | August 2018 | Page 651

42. Rauh MJ, Macera CA, Marshall SW. Applied sports 
injury epidemiology. In: Magee DJ, Manske RC, 
Zachazewski JE, Quillen WS, eds. Athletic and Sport 
Issues in Musculoskeletal Rehabilitation. St Louis, MO: 
Elsevier/Saunders; 2011:730-772.

43. Verhagen E, van Mechelen W. Sports Injury Research. 
New York, NY: Oxford University Press; 2010.

44. Reid DC, Smith B. Leg-length inequality: A review of 
the etiology and management. Physiother Can. 
1984;36:177-182.

45. Luedke LE, Heiderscheit BC, Williams DS, et al. Step 
rate and shin injury and anterior knee pain in high 
school cross-country runners. Med Sci Sport Exerc. 
2016;48(7):1244-1250.

46. Walter SD, Sutton JR, McIntosh JM, et al. The 
aetiology of sport injuries. A review of 
methodologies. Sports Med. 1985;2:47-58.

47. Ilahi OA, Kohl HW, 3rd. Lower extremity 
morphology and alignment and risk of overuse 
injury. Clin J Sport Med. 1998;8:38-42.

48. Thacker SB, Gilchrist J, Stroup DF, et al. The 
prevention of shin splints in sports: a systematic 
review of literature. Med Sci Sports Exerc. 
2002;34(1):32-40.

49. Rome K, Handoll HH, Ashford R. Interventions for 
preventing and treating stress fractures and stress 
reactions of bone of the lower limbs in young adults. 
Cochrane Database Syst Rev. 2005;(2):CD000450.

50. McKean KA, Manson NA, Stanish WD. 
Musculoskeletal injury in the masters runners. Clin J 
Sport Med. 2006;16:149–154.

51. Fields KB, Sykes JC, Walker KM, et al. Prevention of 
running injuries. Curr Sports Med Rep. 2010;9(3):176-
182.

52. Mattila VM, Sillanpää PJ, Salo T, et al. Can orthotic 
insoles prevent lower limb overuse injuries? A 
randomized-controlled trial of 228 subjects. Scand J 
Med Sci Sports. 2011;21(6):804-808.

53. van der Worp MP, ten Haaf DS, van Cingel R, et al. 
Injuries in runners: a systematic review on risk 
factors and sex differences. PLoS One. 2015;10(2): 
e0114937(1-18).


